Interactions between host and gut microbial communities may be modulated by diets and play 59 pivotal roles in securing immunological homeostasis and health. Here we show that intake of feed 60 based on whole-cell lysates of the non-commensal bacterium Methylococcus capsulatus Bath 61 (McB) as protein source reversed high fat high sucrose-induced changes in the gut microbiota to a 62 state resembling that of lean, low fat diet-fed mice, both under mild thermal stress (T22°C) and at 63 thermoneutrality (T30°C). McB feeding selectively upregulated triple positive (Foxp3 + RORγt + IL-64 17 + ) regulatory T cells in the small intestine and colon, and enhanced mucus production and 65 glycosylation status suggesting improved gut health. Mice receiving McB lysates further exhibited 66 improved glucose regulation, reduced body and liver fat along with diminished hepatic immune 67 infiltration. Collectively, these data points towards profound whole-body effects elicited by the 68
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Institutes for Heart Research and Sentinel North from the Canada First Research Excellence Fund. 56 57 period (12 or 21 weeks dependent on the experiment). Experimental WDs were lot-matched and 137 produced without protein (S9552-E021), which was subsequently added, and then pelleted, by the 138 investigators as indicated; WDREF = containing 19.5% (w/w) casein, WDCNTL = containing 16.5% 139 (w/w) casein and 3% Macadamia oil, WDMcB = 19.5% (w/w) whole-cell bacterial lysates 140 (predominantly protein but up to ~15% phospholipids 16 ). Diet composition is more extensively 141 described in Table S1 . Detailed description of bacterial lysates is provided in the designated section 142 below. All diets were freshly made for each experiment with independent batches of bacterial 143 lysates to substantiate robustness and reproducibility of the observed findings. Mice were fed ad 144 libitum, and feed intake was measured thrice a week. Water was changed weekly. 145
12+6 protocol T22°C 147
Experimental setup is outlined in Figure 1A . C57BL/6JRj mice were purchased from Janvier Labs, 148 Experimental setup is outlined in Figure 4A . C57BL/6JBomTac mice were purchased from Taconic 156 Laboratories, Denmark, and initially housed 10 per cage to accelerate weight gain. 12 weeks into 157 the run-in period, mice were single caged to allow accurate assessment of food intake, and also 158 monitor if the more sensitive microbiome of single-housed mice would uniformly change towards a 159 composition typical for LFD-fed mice, or if such phenomenon relied on a few highly responding 160 mice transferring their microbiome to cage mates under group housed conditions. The timing of 161 single housing allowed affected mice to adapt to social isolation and stabilize their weight 162 development before intervention ( Figure S4B ). 163 164
Cultivation of M. capsulatus Bath and preparation of bacterial lysate. 165
Methylococcus capsulatus Bath (NCIMB 11132) was cultivated in nitrate mineral salts (NMS) 166 medium as previously described 17 to produce the single-strain bacterial lysate. McB culture aliquots 167 were frozen in liquid nitrogen and stored at −80°C. Cultivations on agar plates and in shake flasks 168 (orbital shaker incubator at 200 rpm) were performed at 45°C in an atmosphere of 75% air, 23.25% 169 CH4, and 1.25% CO2. Continuous cultivation was carried out in a 3-liter bioreactor (Applikon, The 170 Netherlands) with a working volume of 2 liters. Cells were pre-cultivated in shake flasks and used 171 to inoculate the bioreactor to an optical density at 440 nm (OD440) of 0.1. The temperature was 172 maintained at 45°C, stirring set to 650 rpm, and pH maintained at 6.8 by automatic addition of 2.5 173 M NaOH/2.5 M HCl. A gas mixture of 75% air and 25% methane was sparged into the bioreactor. 174
The continuous culture was started after an initial batch phase, and the dilution rate was set to 0.01 175 h −1 . The OD440 at steady state was generally sustained at approximately 10. Culture effluent was 176 collected, and cells were harvested by centrifugation. Bacterial cell walls were disrupted by the use 177 of a French press before freeze-drying of the material. 178 179
Glucose and insulin tolerance tests 180
Mice were subjected to magnetic resonance (MR)-scan using EchoMRI 4in1 (Texas, USA) to 181 determine fat-and lean mass at indicated time points ( Figure 1A, 4A ). Mice were fasted 5 or 2 182 hours prior to any oral glucose tolerance (OGTT) or intraperitoneal insulin tolerance test (ITT), 183 respectively. Fasting blood glucose was measured by tail vein bleeding using the Bayer Contour 184 glucometer (Bayer Health Care). Mice were subsequently gavaged with 3 µg glucose/g lean mass 185
(OGTT) or intraperitoneally injected with 0.75 mU insulin/g lean mass (ITT). Blood were sampled 186 at specified time points for blood glucose and insulin measurements to assess glucoregulatory 187 capacity including glucose stimulated insulin secretion (GSIS) as described in detail elsewhere 18 . 188 189 Short chain fatty acid measurements 190 Short chain fatty acids (SCFAs) were determined by gas chromatographic analysis. Feces were 191 suspended in MilliQ water (1:1 (w/v)) and subsequently homogenized in a FastPrep-96 (MP 192 Biomedicals) sample preparation unit. The homogenates were diluted with 0.4% formic acid (1:1 193 (v/v)), transferred to Eppendorf tubes and centrifuged at 13,000 rpm for 10 minutes. 300 µl of the 194 supernatants were applied to spin columns (VWR, 0.2 µm pore size) and centrifuged at 10,000 rpm 195 for 5 minutes. The eluates were transferred to 300 µl GC vials. Split injection mode was used with 196 an injection volume of 0.2 µl. The gas chromatograph was a Trace 1310 (Thermo Scientific) 197 equipped with an autosampler and a flame ionization detector. Helium was used as carrier gas, and 198 the column was a 30 m long Stabilwax (Restek) with polyethylene glycol as stationary phase. 199
Injector temperature: 250 ˚C, temperature intervals: 2 minutes at 90 ˚C before a 6 min increase to 200 peaklist obtained after preprocessing (features defined by their mass/charge value, retention time 265 and peak area) was analyzed in MetaboAnalyst 4. Data were then auto-scaled (mean-centering and 266 division by the square root of standard deviation of each variable) to enforce Gaussian distribution 267 enabling relative comparison. Univariate and multivariate analysis were performed with t-tests, 268 volcano plot, analyses of variance (ANOVA) followed by Tukey's HSD test, and principal 269 component analysis (PCA) to detect significant hits and to visually separate trends between groups. 270
Features showing a similar pattern between LFD and WDMcB were identified by pattern matching 271 function. The top 25 features obtained were then processed for identification using the online 272 database Lipidmaps (http://lipidmaps.org) with a mass tolerance between the measured m/z value 273 and the exact mass of 3 ppm. 274
275

Microbiome analysis and bioinformatic processing 276
Fresh feces samples were collected 3-4 hours into the light cycle, snap frozen and stored at -80°C 277 until downstream processing. Bacterial DNA from fecal samples was extracted using a NucleoSpin 278 soil kit (Macherey-Nagel) according to manufacturer's instructions. 16S rRNA gene amplification, 279 library preparation and sequencing were performed as previously described 22 . Initial data 280 processing was performed as described elsewhere 23 . Data was rarefied to 23,107 reads per sample. 281
The principal coordinate analysis (PCoA) was conducted based on the weighted UniFrac distance. 282
To select OTUs and species enriched in different subgroups, DESeq2 24 with default settings was 283 used. The relative abundances of OTUs were aggregated to genus level. Genera present in >1/3 of 284 the samples were used in the differential abundance testing. Genera with p.adj. < 0.05 comparing 285 the last sampling point for WDREF/WDCNTL vs WDMcB with DESeq2 differential expression analysis 286 based on the negative binomial distribution were reported. Permutational multivariate analysis of 287 variance (permanova) using weighted UniFrac distance matrices (Adonis, Vegan R package) was 288 used to evaluate overall microbial compositions. 289 290
Isolation of small intestine (SI) and large intestine (LI) lamina propria (LP) cells 291
Feces and mucus from LI were scraped off while SI was flushed with 1x HBSS (Gibco) containing 292 15 mM HEPES (Thermo Scientific). Peyer´s patches were carefully excised from SI. SI and LI 293 were opened longitudinally, cut into approx. 1 cm pieces and washed 3 times with 1x HBSS 294 (Gibco) containing 15 mM HEPES (Thermo Scientific), 5% FCS (Viralex TM , PAA Laboratories), 295 50 µg/mL gentamycin (Gibco) and 2 mM EDTA (Invitrogen, Life Technologies) for 15 min at 37 296 ˚C. During the first incubation step, 0.15 mg/mL DL-dithiothreitol (Sigma-Aldrich) was 297 additionally added to LI samples. LI, but not SI samples, were shaken on an orbital shaker at 350 298 rpm during incubation. After each incubation step, SI, but not LI samples, were shaken by hand for 299 10 s. Media containing epithelial cells and debris were discarded by filtration through a 250 µm 300 mesh (Tekniska Precisionsfilter, JR AB). The remaining tissue was digested for 25-28 min at 37 ˚C 301 under magnetic stirring (500 rpm) in R-10 media (RPMI 1640 (Gibco) with 10% FCS (Viralex, 302 PAA Laboratories), 10 mM HEPES (Thermo Scientific), 100 U/mL penicillin (Gibco), 100 µg/mL 303 streptomycin (Gibco), 50 µg/mL gentamycin (Gibco), 50 µM 2-mercaptoethanol (Gibco) and 1 mM 304 sodium pyruvate (Gibco)) containing 1 mg/ml collagenase P (Roche) and 0.03 mg/mL DNase I 305 (Roche). After digestion, SI-LP and LI-LP cells were purified by density gradient centrifugation 306 (600 rcf for 20 min at 22 ˚C, acceleration 5 and brake 0) with 40/70 % Percoll (GE Healthcare). 307
Cell suspensions were subsequently filtered through 100 µm cell strainers (BD Biosciences) and re-308 stimulated in vitro prior to staining for flow cytometric analysis. 309
310
Ex vivo stimulation of SI-LP and LI-LP cells 311
SI-LP and LI-LP cells were re-stimulated in vitro as previously described 25 . Briefly, cells were 312 simulated in R-10 medium in the presence of either 20 ng/mL IL-23 (R&D Systems) or 250 ng/mL 313 PMA (Sigma-Aldrich) in combination with 0.5 µg/mL ionomycin (Sigma-Aldrich) for 4 hrs at 37 314 ˚C. After 1 hr incubation, 10 µg/mL brefeldin A (BioLegend) was added. 315
316
Flow cytometry 317
Flow cytometry was performed according to standard procedures. Cell aggregates (identified in 318 FSC-H vs. FSC-A scatter plots) and dead cells identified by using Zombie Aqua Fixable Viability 319 Kit (BioLegend) were excluded from analyses. Intracellular staining was performed using the 320 eBioscience FoxP3/Transcription Factor Staining Buffer Set (eBioscience) according to the 321 manufacturer's instructions. Data was acquired on a LSRII (BD Biosciences) and analyzed using 322 FlowJo software (Tree Star). 323 324
Antibodies (Abs) and reagents 325
The following mAbs and reagents were used in the study: anti-CD3e (17A2), anti-CD4 (GK1.5), 326 anti-CD8a (53-6.7), anti-CD11c (N418), anti-CD19 (6D5), anti-CD45 (30F11), anti-CD45R/B220 327 (RA3-6B2), anti-CD90.2 (30-H12), anti-CD127 (A7R34), anti-Ly-6G/Ly-6C (Gr-1) (RB6-8C5), 328 anti-Ter119 (TER-119), anti-TCRb (H57-597), anti-TCRgd (GL3), anti-NK1.1 (PK136), anti-329 NKp46 (29A1.4), anti-FoxP3 (FJK-16s), anti-RORgt (B2D), anti-T-bet (4B10), anti-IL-17A (TC11-330 18H10.1), anti-IL-22 (IL22JOP) and anti-IFNg (XMG1.2). All Abs were purchased from 331 eBioscience, BioLegend or BD Biosciences. PECF594-conjugated streptavidin was purchased from 332 BD Biosciences. 333 334
Multiplex cytokine quantification 335
Liver tissues were crushed with a mortar and pestle on liquid nitrogen. 30-40 mg of tissue were 336 transferred to a clean tube and added 400 µL T-PER tissue protein extraction reagent (Thermo 337 Scientific) buffer including proteinase inhibitors (Sigma-Aldrich 
McB feeding reverses WD-induced gut microbiota changes and increases cecal SCFA levels 354
To induce obesity and immunometabolic dysfunctions, C57BL/6JRj mice were initially fed an 355 obesogenic WD. After 12 weeks of WD feeding, the mice were stratified into new groups based on 356 weight, fat mass and glucoregulatory capacity ( Figure 1A versus whole-cell bacterial lysates) would affect gut microbiota community structures, we analyzed 361 freshly collected fecal samples before and throughout the dietary intervention. LFD and WDREF fed 362 mice showed distinct gut microbiota profiles after 12 weeks of feeding (intervention baseline, week 363 12+0; Figure 1B ,C), including ~10-fold lower abundance of the health-promoting genera, 364
Parasutterella 27 and Parabacteroides 28 , countered by an equally increased abundance of the obesity 365 associated genus Desulfivobrio 30,31 ( Figure 1D ) as well as a ~4-fold increase in the Firmicutes to 366
Bacteroidetes (F/B) ratio ( Figure 1E ). Interestingly, WDCNTL fed mice showed negligible changes in 367 the microbiome signature during the 6 weeks of intervention ( Figure 1B -F & S1A-B), suggesting 368 that the added lipid source had limited influence on the intestinal ecology. In contrast to this 369 observation, we noted a pronounced shift in bacterial composition in mice fed WDMcB. Within the 370 first 2 weeks of treatment, the general community structure in these mice shifted towards that of 371 their LFD-fed counterparts ( Figure 1B -F, Table S3 ). We next asked if the observed taxonomical 372 differences between groups related to alterations in the functional potential. SCFAs are main end 373 products of metabolized fibers, and to a lesser extent amino acids escaping digestion in the SI, with 374 vast impact on host physiology 32,33 . The highest levels of SCFAs are found in the cecum and 375 proximal colon 34 . We therefore investigated if cecal SCFA levels were different between groups. 376
We found a consistent increase in the levels of the three major as well as three minor classes of 377 SCFAs in the cecum of WDMcB fed mice compared to WDCNTL fed counterparts pointing towards 378 not just taxonomically, but also functionally, discrete microbiota profiles in the two groups of mice, 379 supporting a beneficial health impact on dietary inclusion of McB lysates ( Figure 1G -H). 380
381
WDMcB feeding stimulates induction of gut-specific regulatory T cells 382
The intricate relationship between gut microbes and host immunity, combined with the 383 immunoregulatory capacity of SCFAs 35 , prompted us to investigate if the observed changes 384 mediated by WDMcB feeding were associated with immune alterations. 385
We accordingly analysed the immune cell profile of SI-LP and LI-LP in a subset of experimental 386 mice (n = 6-10/group) using multicolour flow cytometry focusing on phenotypic characterization of 387 group 3 innate lymphoid cells (ILC3), natural killer (NK) cells and T cells (consult Figure S2A -B 388 for gating strategies). Numbers of ILC3s, NK cells and T cell receptor (TCR)-gd + T cells, were 389 similar between groups ( Figure S2C -E). The same was true for the numbers of TCRb + CD4 + T 390 cells, as well as the proportion of T helper (TH)1-, TH17-and nTregs cells (Figure 2A-B) . 391
Interestingly, the proportion of pTregs was more than 2-fold increased in LI-LP of WDMcB fed mice 392 compared to WDCNTL fed counterparts ( Figure 2C , p < 0.001). Notably, this regulatory T cell subset 393 has been shown to curb intestinal inflammation 12 and mediate immunological tolerance to the gut 394 pathobiont Helicobactor hepaticus, thereby protecting against TH17-mediated barrier dysfunction 395 and subsequent colitis 36 . Because RORγt is the hallmark transcription factor for TH17 cell 396 differentiation and essential for their IL-17 production, we next assessed if the pTregs induced by the 397 different diets were also capable of expressing IL-17. Indeed, ex vivo stimulated LI-LP pTregs 398 produced substantial and diet-dependent amounts of IL-17 protein ( Figure 2D ). The absence of weight gain was not explained by decreased feed intake ( Figure 3J ), but 421 rather appeared to be associated with enhanced fecal energy secretion ( Figure 3J Based on the decreased NAFLD in WDMcB-fed mice housed at T22°C we designed a new experiment 432 (study outline, Figure 4A ) using a recently described 39 method where thermoneutral housing (T30°C) 433 potentiates NAFLD in WT C57BL/6J mice fed an obesogenic diet for 20-24 weeks. To more 434 thoroughly investigate the effect of WDMcB-feeding, we also redesigned the diets and omitted 435 macadamia oil in the WDCNTL group, as this might lead to progression of obesity ( Figure 3 ) and 436 related disorders. This new diet design entailed an increased fat/protein ratio in WDMcB compared to 437 WDREF, due to phospholipids inherently present in bacterial lysates 16 (Table S1 ). Despite the lower 438 protein content in WDMcB compared to both other diets, protein availability was well beyond critical 439 levels, corroborated by similar lean mass to WDREF-fed mice post diet intervention ( Figure S4A ). 440
Still, WDMcB-fed mice exhibited significantly improved 5h fasting insulin levels and decreased fat 441 mass ( Figure 4B -C), despite weight maintenance and significantly increased energy intake 442 compared to both LFD and WDREF fed mice ( Figure S4B of IL-6 and TNF-α, respectively 43,44 . We therefore measured these hepatic cytokines and observed 467 similarly reduced levels in both LFD and WDMcB compared to WDREF ( Figure 5F ). 468
A key feature of diet-induced liver pathologies, including NAFLD, is recruitment of newly 469 activated immune cells capable of eliciting a proinflammatory immune response. This process is 470 generally hampered in mice housed at mild thermal stress, which therefore fail to phenocopy human 471 pathophysiology. However, thermoneutral housing recapitulates some human disease traits 45 , which 472 combined with HFD-feeding accentuates intrahepatic infiltration of proinflammatory Ly6 high 473 monocytes 46 . These monocytes interact with tissue resident T cells and play a central role in the 474 pathogenesis of liver injury, hence representing an attractive therapeutic target to mitigate NAFLD 475 development and to curtail associated pathologies 44 . 476
We therefore subjected liver tissues from representative mice to immunological evaluation by 477 immunohistochemistry and observed a marked decrease in both CD3 + T cells and Ly6 high 478 monocytes in WDMcB-fed mice compared to their WDREF-fed counterparts ( Figure 5G ). Diminished 479 hepatic immune infiltration was mirrored by increased levels of circulating IL-22, IL-18, and IL-17 480 in WDMcB-fed mice compared to their WDREF-fed counterparts ( Figure 5H , p < 0.01, < 0.05 & < 481 0.05, respectively). 482 483 WDMcB feeding reverses prolonged gut microbial dysbiosis and markedly improves colonic 484 mucus production 485
The improved hepatic phenotype prompted us to further investigate potential traits in the gut-liver 486 axis. We initially assessed if the observed cytokine responses associated with improved gut health 487 in mice housed at T30°C, where inflammation is expected to be increased 45 . Indeed, WDMcB-fed mice 488 were resistant to WD-induced colonic shortening closely associated with colonic inflammation 489 ( Figure 6A ). 490
To gain additional insights to the immunomodulating properties of McB lysates, we focused on 491 mucus production and -function. Because mucin production is a constitutive process where both 492 secretion and adherence are constantly ongoing and rapidly adjust to environmental changes, 493 immunohistochemical labelling for various MUC epitopes may not fully recapitulate the physical 494
properties of the mucus. We therefore applied specialized mucin histochemistry staining allowing 495 us to differentiate between neutral and acidic mucins according to the net charge of each molecule. 496
Acidic mucins were further separated into sulfomucins and sialomucins. Sections revealed that 497 neutral mucins in crypt-residing goblet cells were consistently down regulated in WDREF-fed mice 498 compared to LFD-fed counterparts in three well defined segments of the colon; i.e. proximal, 499 middle and distal area ( Figure 6B , D). WDMcB-feeding not only reversed this pattern in all three 500 segments but even enhanced the production of neutral mucins exceeding the levels found in LFD-501 fed counterparts. This is a remarkable finding considering the continuous intake of a westernized 502 diet high in fat and sucrose, known to hamper goblet cell function. We next evaluated crypt depth 503 observed between WDREF and LFD-fed mice, indicating that the reciprocal regulation of mucin 509 glycosylation status was specific to WDMcB-feeding. 510
With focus on the dynamic interactions between gut immunity, mucin glycosylation and commensal 511 microbes 47 , we next assessed the gut microbiota composition in temporally separated samples. This 512 was done to determine if the changes towards a gut microbiota resembling that of lean LFD-fed 513 mice was recapitulated in this intensified setup. In contrast to the first set of experiments, where we 514 used cohoused mice shown to exhibit resilient microbiota profiles, we now employed single-housed 515 mice to explore if the WDMcB-mediated community structures were persistent enough to induce 516 consistent changes in the more dynamic communities of single-housed mice. Similar to our first 517 experiments at T22°C, we observed a normalization of the gut microbiome of WDMcB-fed mice, 518 despite prolonged WD-feeding prior to intervention ( Figure 6H -K). WDMcB-induced changes were 519 surprisingly consistent with the first set of experiments, including a significantly lower F/B ratio 520 ( Figure 6J and S5D), and a substantial reduction of Desulfovibrio abundance, countered by a similar 521 bloom of the Parasutterella and Parabacteroides genera ( Figure 6K , Table S5 ). Of note, the age-522 related increases in Desulfovibrio abundances recently reported 30 was confirmed in this study where 523 the general magnitude in both WDREF-and LFD-fed mice increased 2-3-fold over the 5 week 524 intervention ( Figure 6K ). WDMcB-feeding fully prevented this trajectory and paired analyses even 525 revealed a diminished relative abundance of Desulfovibrio in these mice. 526 527 528 Discussion: 529 In this report, we explored the relationship between dietary nutrients and host-microbe interactions 530 with a focus on immunometabolic response rates in the context of high fat, high sucrose, WD-531 feeding. We found whole-cell lysates from the non-commensal methanotrophic bacterium, McB, 532 capable of reversing hallmark signatures of WD-feeding despite continued intake of an obesogenic 533 diet. The signatures included dimished fat mass, improved intestinal immunity and glucoregulatory 534 capacity accompanied by gut microbial community structures resembling that of lean LFD-fed 535 counterparts. 536
537
The aberrant microbiota composition associated with obesity was recently shown to reflect HFD 538 intake rather than obesity per se 48 . It is therefore worth noting that we were able to normalize the 539 dysregulated gut microbiome in mice remaining on a westernized, high fat, high sucrose diet; 540 especially considering that it remains a clinical challenge to change fatty dietary habits in lifestyle-541 related obese subjects. This remarkable change was reproduced in two diverse sub-strains of mice 542 originating from different vendors, corroborating a robust phenotype not notably affected by 543 baseline microbiota composition. To this end, a previous report on the resilient microbiome, argued 544 for prolonged normalization 49 . This study found that mice transferred to a low fat, fiber-rich chow 545 diet after 12 weeks of HFD feeding, shifted their microbiota towards age-matched chow-fed control 546 mice within 4 weeks, but only fully converged 10 weeks post diet change. This is particularly 547 interesting as dietary fibers are known to be the most potent dietary regulator of the gut 548 microbiota 50 , by far exceeding that of dietary fat 51 . Still, in our hands, WDMcB-feeding was able to 549 reverse the obese microbiome at a higher pace than chow diet was in the previous report 49 , despite 550 similar fiber content in the two WDs. We further showed that the reversal of the microbiota traits 551 were reproducible at different temperatures, altered reference diets, changed experimental duration, 552 and in both co-housed and single-housed mice; all of which are prominent modulators of gut 553 microbiota community structures. While many genera were similarly affected between experiments, 554 others were either exclusively regulated at T30°C (e.g., Bifidobacterium) or less pronounced affected 555 at T30°C (e.g., Barnesiella), suggesting dispensability for these specific microbes in the metabolic 556 disease traits observed in this model. Similar observations were made for Akkermansia, which was 557 ~3-fold upregulated at T30°C, but discordantly affected (log2 FC bouncing from +9.3 to -10.4) 558 between the two replication studies at T22°C with pronounced intragroup variation. 559
Contrasting these discrepancies, there was a consistent downregulation of Desulfovibrio 560 accompanied by >10-fold upregulation of Parabacteroides and Parasutterella suggesting that 561
WDMcB feeding nourishes a favorable microbiota, albeit such speculations have yet to be 562 mechanistically described. Still, Desulfovibrio was most recently shown to flourish in aged, 563 immunocompromised, obese mice with impaired glucose regulation 30 . Both T cell loss and 564
Desulfovibrio administration per se, precipitated obesity-induced insulin resistance 30 . This 565 bacterium has moreover been shown to thrive in desulfonated colonic mucosa, associated with 566 human 52 That IL-17 in this intervention is produced by Tregs and not TH17 cells might further improve the 594 safety profile of a putative medication, as the physiological impact and properties of TH17 cells are 595 context-dependent. As such, TH17 cells may potentiate inflammatory bowel disease (IBD) in 596 individuals with compromised barrier function 61 , whereas pTregs have shown enhanced suppressive 597 capacity against the same disease 12 . This is a pertinent feature given the relatively high proportion 598
of subjects with metabolic complications co-suffering from IBD 62 . While our study was not 599 designed to assess IBD susceptibility, it is well described that purified diets compromise barrier 600 function 50,63,64 and thus represent clinical IBD-features (disease-cause) preceding inflammation 601 (symptom) 65 . It is therefore worth noting that in addition to the immunomodulating phenotype, 602
WDMcB-feeding augmented neutral mucus production in all segments of the colon while enhancing 603 IBD-protective sulfomucins specifically in the middle segment. In this segment, we also detected 604 increased CD in McB fed mice, collectively pointing towards increased barrier function. Table S3 . 
0025 Butylated hydroxytoluene % 0,0100 0,0100 0,0100 0,0100 0,0100 Cholesterol % 0,1500 0,1500 0,1500 0,1500
,0000 Soybean oil % 21,0000 21,0000 21,0000 21,0000 7,0000 
